Two RNA polymerases have been purified from the slime mold Physarum polycephalum, one sensitive and one resistant to a-amanitin. Both enzymes are more active with denatured DNA than native DNA as a template and prefer Mn++ rather than Mg++ as a divalent cation. The a-amanitin-sensitive enzyme shows maximum activity at 0.15 M KCI, whereas the resistant enzyme is most active at very low ionic strength. Analysis of the resistant enzyme on polyacrylamide gels containing sodium dodecyl sulfate shows two subunits present in a 1:1 ratio with molecular weights of 205,000 and 125,000.
By now, multiple species of RNA polymerase have been isolated from a number of eukaryotes (1) (2) (3) (4) (5) , including simple ones such as yeast and slime molds. The enzymes from a particular organism or tissue generally differ in the salt concentration at which they elute from DEAE-cellulose columns, their sensitivity to the mushroom toxin a-amanitin, and the ionic strength and divalent cation required for maximum activity. RNA polymerase I, which is not inhibited by aamanitin, is localized in the nucleolus and is generally believed to be responsible for ribosomal RNA synthesis. Polymerase II, on the other hand, is completely inhibited by small amounts of a-amanitin and is localized in the nucleoplasm. Some organisms have a third RNA polymerase, which is also localized in nucleoplasm but insensitive to a-amanitin (6) . In this report we will describe the purification and some of the properties of two RNA polymerases from the plasmodial stage of the slime mold Physarum polycephalum.
METHODS
Organism. Physarum polycephalum, strain M3c, was obtained from Dr. Joyce Mohberg and grown either as microplasmodia shaken in liquid medium or as macroplasmodia on filter paper in rocker pans (7) . In either case, it is necessary to harvest cells in early logarithmic phase in order to obtain maximum RNA polymerase activity.
Nuclei were prepared according to Procedure B of Mohberg and Rusch (8) Solubilization of RNA Polymerase. The procedure of Roeder and Rutter (6) was used to solubilize RNA polymerase, remove chromatin, and concentrate the crude extract, except that nuclei were sonicated in 10-ml aliquots in the buffer in which they were frozen, with the addition of (NH4)2S04 to 0.3 M. In some cases phenylmethanesulfonyl fluoride was added to inactivate proteolytic enzymes (10), but no difference in stability was detected when this was done. More recently we have sonicated nuclei in 0.5-1.0 M NH4Cl rather than 0.3 M (NH4)2S04, resulting in an increased yield of RNA polymerase. KCl, centrifuged to remove any proteins that precipitated, and layered over 15-30% linear glycerol gradients in this same buffer. The gradients were centrifuged at 4°for 36 hr at 26,000 rpm in the Spinco SW 27 rotor and collected through a recording spectrophotometer.
Column Chromatography. DEAE-cellulose and phosphocellulose columns were prepared and equilibrated as described (11) , except that the buffer used was 0.05 M Tris (pH 7.9)-25% glycerol-0.1 mM EDTA-1 mM dithiothreitol (TGED) plus KCl as noted. Phosphocellulose column profile. Protein (0.9 mg) from the DEAE-cellulose column was applied to a 1 X 4-cm phosphocellulose column at a flow rate of 5 ml/hr and eluted with a 40-ml gradient as described in the text. Fractions (1.5-ml) were collected, and 0.05-ml aliquots were assayed for activity in the absence or presence of 2.5 ug/ml of a-amanitin. (@--*) RNA Polyacrylamide Gel Electrophoresis. Electrophoresis was performed on 8.75% polyacrylamide gels containing sodium dodecyl sulfate according to the method of Laemmli (12) . Molecular weights of RNA polymerase subunits were determined by comparing their mobilities with those of a series of marker proteins of known molecular weight run on a parallel gel.
RESULTS AND DISCUSSION
Purification of Two RNA Polymerases. Packed nuclei (41 ml) from 64 macroplasmodia were pooled and a crude extract was prepared. This material was centrifuged on four glycerol gradients, and the peak fractions of RNA polymerase activity were pooled. As can be seen from Fig. 1 , one peak of RNA polymerase activity was obtained, coinciding with the position of j3-galactosidase at 16 S centrifuged on a parallel gradient. We routinely recover 100% of the RNA polymerase activity put onto the gradients, although only about 60% is present in the tubes that are pooled. The purification is summarized in Table 1 .
The pooled glycerol gradient peak fraction was diluted with 25% glycerol until the conductivity was less than that of *1|11 TGED buffer containing 0.08 M KCl and applied to a DEAEcellulose column that had been equilibrated with TGED buffer containing 0.08 M KCl. The column was washed with this same buffer, and then a KCl gradient from 0.08 to 0.6 M was applied. One peak of RNA polymerase activity was obtained ( Fig. 2) , which eluted at 0.16 M KCl and was partially sensitive to a-amanitin. We have not been able to separate the a-amanitin-sensitive and -resistant activities on DEAEcellulose or on Sephadex using a variety of salts and much shallower gradients than that shown in Fig. 2 . This result contrasts with nLost other organisms where DEAE-cellulose chromatography has been the method used to separate the two activities. When an extract from isolated nucleoli was chromatographed on DEAE-cellulose, a peak of completely a-amanitin-resistant activity eluted at the same salt concentration as the mixture of enzymes from nuclei. Although the DEAE-cellulose column results in only a small increase in specific activity (Table 1) , it is an important step because it removes nucleic acid. If this is not done, the enzymes fail to bind to phosphocellulose in the next step of the purification.
The material from the pooled DEAE-cellulose peak was diluted with 25% glycerol until the conductivity was less than that of TGED buffer containing 0.15 M KCl and applied to a phosphocellulose column that had been equilibrated in TGED buffer containing 0.15 M KCl. The column was washed, and a gradient from 0.15 to 0.9 M KCI was applied.
As can be seen from Fig. 3 , two peaks of RNA polymerase activity were obtained. The material of the first peak, which eluted at 0.28 M KCl, was sensitive to a-amanitin and will be referred to as RNA polymerase II, since that designation has been used in other systems for the a-amanitin-sensitive enzyme. The material in the second peak, which eluted at 0.54 M KCl, was resistant to a-amanitin and will be referred to as RNA polymerase I. The relative amounts of these two enzymes vary from one preparation to another, which may reflect the growth state of the cell (13) Properties of RNA Polymerases I and II. The response of the two enzymes to variations of ionic strength and divalent cation is shown in Fig. 4 (Fig. 5) .
Analysis of Physarum RNA polymerase at various stages of purification on polyacrylamide gels is shown in Fig. 6 . At the last step in the purification, only RNA polymerase I is pure enough to determine its subunit structure. Two high-molecular-weight subunits are apparent which have molecular weights of 205,000 and 125,000. Scanning the gel with a recording spectrophotometer and measuring the area under the two peaks show that the subunits are present in a 1:1 ratio (Fig. 7) . Smaller proteins are evident on the scan at positions corresponding to molecular weights of 60,000 and about 45,000, but they are present in such low amounts that it is impossible to say whether they are subunits or impurities. The highest molecular-weight band on the gel (250,000) has been identified as myosin (14) by comparing its position with that of myosin from Physarum nuclei subjected to electrophoresis on a similar gel (W. LeStourgeon, personal communication).
Hildebrandt and Sauer (5) recently reported the isolation of a-amanitin-sensitive and -resistant RNA polymerases from Physarum using DEAE-cellulose chromatography. We cannot explain the difference in chromatographic properties of their enzymes and ours, but the other properties of the enzymes appear to be similar.
